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IWTRODUaiON 

Th«  fungus,  Altarnaria  cucuawlna  (E.  &  E*)  J*  A.  Elliott  has  b««n 
pxavalant  on  various  cucurbit  specl«8  throughout  tht  world  osp^eially 
in  A»arie8  and  Europe  sinos  1894  (4*  9)*  The  most  fraquantly  reported 
host  is  musknelon,  Cucumls  molo  L*  (9)*  Tho  cantaloupe  rust,  or  "blight" 
as  it  is  called,  has  inflicted  serious  Injury  to  the  Industry*  The 
dltMse  defoliates  the  vines  and  thereby  diminishes  yield  and  lowers 
melon  quality  by  premature  ripening* 

Due  to  the  rapid  growth  of  muskmelon  vines  frequent  spraying  is 
required  to  protect  new  foliage*  It  may  be  impracticable  to  control 
the  disease  with  various  fungicide  sprays*  Therefore,  it  seems  neces- 
sary to  investigate  the  inheritance  of  resistance  to  the  fungus  and  to 
breed  resistance  into  new  varieties* 

Extensive  genetic  studies  of  resistance  to  rust  in  other  crops 
have  been  conducted  (1,  6,  7,  19),  whereas  those  of  auskaelon  diseases 
have  been  rather  limited*  this  might  be  partially  due  to  the  compli- 
cated expression  of  resistance  to  alternaria  leaf  spot  in  muskmelon  (20). 

An  attempt  was  made  in  this  study  to  establiah  a  reliable  sampling 
method  to  determine  the  number  of  genee  involved  In  resistance,  the  type 
of  gene  action,  heritability  and  the  linkage  relationship  between  the 
venea  contributing  to  resistance  and  such  morphological  characters  as 
marginal  vein  length* 


REVIEW  OF  LITERATURE 
Syi^ptwRS  of  Di8M6«  Infection 

LMf  blight  in  mutkmalon  ««»  first  r^>ort«d  by  BUnn  (2)  in  th« 
Unit«d  StttMt  in  19C&,  undMr  th«  nam*  of  ><fcrospon»a  cucum»rtnuw  E*  &  E* 
LatATt  Britlay  (3)  pxovad  that  the  disease  waa  prinarily  cauaad  by  M. 
OMOM—yiw  and  sacondarlly  by  Altcrnayja  cucuwarina  (E.  1  E.)  J.  A. 
Elliot  which  Is  normally  a  saprophytic  fungus*  Howavart  at  tha  prasantt 
MttloMlen  rust  or  "blight"  is  raportad  by  th*  namo  of  tha  sacondary 
fmgus* 

Tha  first  ayMptona  usually  appear  en  the  leaves  nearest  the  center 
of  the  hill  (4)*  The  spots  increase  rapidly  in  number  and  in  size  on 
ausceptibla  planta»  later  spreading  to  leaves  toward  the  tips  of  the 
vines  (4).  The  infected  areas  »X9  noticed  first  on  the  upper  leaf 
surface  as  spots  which  are  circulari  0*5  am  in  diasMteri  watersoakadt 
turning  yellow  and  later  brown  in  color*  surrounded  by  light  green 
halos  (4,  8)*  Lesions  develop  distinct  concentric  rings*  giving  a 
target-board  appearance*  but  under  conditions  highly  favorable  for  de- 
velopaiant  of  the  pathogen  these  rings  are  often  lacking  (4,  8).  On  the 
lower  leaf  surface  rings  seldom  occur  and  the  lesion  margins  are  in- 
distinct (4).  Individual  lesions  enlarge  to  5«20  am  and  become  light 
to  dark  brown  (4,  S).  Marginal  necrosis  and  coalescence  of  lesions  •x% 
common,  resulting  later  in  large*  torn  and  ragged  areas  which  seldom 
approach  a  shot-hole  appearance  (8).  The  foliage  is  often  curled  down- 
ward and  vines  may  be  almost  completely  defoliated  on  susceptible  vari- 
eties. Towiyama  (18)  described  a  general  case  of  disease  resistance* 


Th«  browning  of  Inftcttd  ctlls  in  rosistant  varlttl«s  oeeurt  nor*  rapidly 
than  In  tha  auactptlbla  onaa.  Browning  of  tha  calls  maana  tha  hypar- 
sansitlva  daath  of  boat  calls.  Tha  suscaptlbla  calls  infactad  by  a 
paraalta  kaap  aliva  for  a  longar  tlma  than  tha  rasUtant  onas.  Thara* 
fora  hyparsansitiva  daath  of  tha  host  calls  U  closaly  ralatad  to  tha 
•tjor  gana  rasletanca  in  plants.  Sun-acaldad  or  ovar-ripa  fruits  ara 
occasionally  Invadad  by  tha  pathogan  (8)  but  thay  al«oat  navar  bacoma 
tfiaaaaad  unlass  tha  plants  ara  grown  undar  conditions  of  bmI nutrition* 
Espacially  tha  lack  of  minor  alamants,  or  in  highly  acid  or  strongly 
alkalina  soil  (4)  this  is  trua.  Laclarg  (11 )»  howavart  danias  tha  abova 
claims  that  thay  ara  not  causad  by  any  organism,  but  by  ultraviolat  rays. 
Thara  is  no  avidanca  of  root*  hypocotyl*  or  staa  inf action  on  plants  (6). 
Tha  pathogan  on  cucurbits  raraly  infacta  young,  vigorously  growing 
plants  (4). 


Ganatic  and  Othar  Factors 
Ralatad  to  Rust  fiaaistanea 


Tha  inharitanea  of  raslatanea  to  altarnaria  laaf  apet  In  musknalon 
has  not  baan  praviously  studiad  in  datall.  Ihara  *X9  »   numbar  of  raports 
indicating  that  tha  axact  nufflbar  of  qwn—   Involvad  was  unknown  or  un- 
datarmlnad.  Tha  braading  bahavior  of  raslatanea  is  partially  known, 
but  raports  ara  inconsistant.  Tha  ganatic  axplanations  wara  aaauaad  to 
ba  aultipla  ganae,  polyploidy,  or  physiologic  racas  of  tha  causatlva 
organism,  in  addition  to  tha  affacts  of  anvironraant  (20).  Kowavar,  no 
physiologic  racas  of  tha  causativa  organism  hava  baan  raportad  and  tha 
host  is  baliavad  to  ba  diploid  instaad  of  polyploid.  Tharafora,  tha 
ramalnlng  multipla  ganas  and  tha  affacts  of  environmant  saaa  to  ba  tha 


laportant  f«ctors  Involved  in  th«  tu&c«ptibiUty  or  r«sltt«nct  te  tht 
fungus* 

On  th<  oth«r  h«ndt  th«  knowledge  of  gvnetics  of  rust  rMistanee  hat 
bMn  applied  to  and  advanced  in  other  crops.  Flor  (6)  studied  the  in- 
haritanee  of  rust  reaction  in  flax  by  crossing  all  possible  combinations 
of  the  11  varieties  used  to  differentiate  physiologic  races  of  rust*  He 
tMted  the  Fj  plants  with  24  races  that  had  boen  identified  from  North 
American  and  South  American  collections  of  the  pathogen*  He  suggested 
that  genot^es  of  the  16  rust-differential  flax  varieties  possess  22  pairs 
of  rust-conditioning  factors  of  which  at  least  19  are  distinct  and  other 
varieties  have  additional  rust-conditioning  factors  distinct  from  those 
possessed  by  the  16  differentials*  Among  them  seven  of  the  differential 
varieties  have  rust-conditioning  factors  in  the  LL  series*  six  in  the 
MM  series  I  and  five  in  the  NN  series*  Each  factor  in  the  LL  series 
af^eara  to  b«  distinct.  Ciough  and  Uilliams  (7)  reported  that  the  re- 
sistance of  each  of  the  two  6uxm  wheat  varieties  Aoae  and  Mindtm  to 
stem  xust  was  conditioned  bv  at  least  three  incompletely  dominant  genes* 
The  genes  which  conditioned  higher  levels  of  resistance  were  epistatic 
to  those  which  conditioned  lower  levels.  In  another  report  on  wheat 
Barg«  Gough,  and  Williams  (1)  found  that  at  least  three  dominant  genea 
condition  tho  resistance  to  stem  ruat  In  each  of  the  two  wheat  varivties. 
Marquis  and  Kota.  The  genas  also  showed  the  same  epistatic  condition  as 
in  the  other  example  in  wheat.  Williams  and  Pound  (19)  r4^)orted  that  in 
radish  a  single  dominant  gene  governs  the  reaistanee  to  ^Ibuoo  Candida, 
white  rust,  and  that  resistance  is  modified  by  minor  genes  which  are 
affected  by  envirorvaent* 


» 


Toaiyaaa  (18)  assumed  a  yftnarallxad  ganatlc  modal  of  dltaasa  r«- 
sistanea  In  plants*  Ha  propo&ad  that  thara  ara  t«*o  dlffaxant  ganatlc 
typas  of  resistanca  in  various  crops*  Ona  typa  is  controllad  by  specific 
singla  ganas  In  vhich  tha  variatias  having  this  typa  of  r*sistanea  n* 
usually  highly  rasistant  to  a  spaciflc  raca  of  pathogans*  Howeva]-»  thay 
§f  suscaptibla  to  othar  xaeas  of  tha  sama  pathogmi*  Tha  othar  typa  of 
xaslstanea  is  polyganic  ( quant itativa)*  Tha  variatias  having  this  typt 
of  rasistanca  ara  usually  not  so  highly  rasistant  and  not  stabla*  In 
othar  words  thay  »f  aasily  affactad  by  anvironmantal  conditions*  Tht 
fornar  typa  of  rasistanca  is  called  "major  gana  rasistanca" »  and  tha 
lattar  "fiald  rasistanca"*  Ha  further  assumed  that  tha  factors  Uniting 
field  resistanca  are  classified  as  ona  in  which  plants  become  more  sus* 
captibla  at  high  and  low  sugar  levels* 

It  is  believed  to  ba  Important  to  study  linkage  between  the  genes 
contributing  to  quantitative  and  to  qualitative  characters  from  the 
standpoint  of  plant  breeding.  The  firat  case  of  apparent  linkage  be* 
twean  polygenes  and  a  raajor  gene  was  reported  by  Sax  (16)*  He  crossed 
two  varieties  of  Phasaolus  vuloaris*  one  having  large  colored  seeds  and 
the  other  with  small  white  se«da«  Seed  sice  was  a  continuously  variable 
character,  but  pigmentation  was  proved  to  be  due  to  a  singla  gene  dif- 
ference* The  F2  gave  a  ratio  of  3  colored  to  1  white-seeded  plant. 
The  colored  F2  plants  were  further  classified  by  laaans  of  F^  progenies 
Into  homozygotes  and  heterozygotes*  As  in  the  parents  the  gene  pro- 
ducing colored  seeds  is  associated  with  large  seeds  and  that  for  white 
with  small  ones. 


RtMNifMn  (15)  lnvMtio«t«d  th«  variation  of  flo««rlng  tlm«  and 
th«  flowM  pigaontatlon  In  thra*  cxossas  of  tha  gardan  paat  Sim  £&£i2i!B* 
Tha  pl(pnantation>  color  varsus  whita  of  tha  f lo«ar  was  govarnad  by  a 
•Ingla  dominant  gana*  In  tha  croesaa  Unkaga  batwaan  tha  gana  contribut- 
ing to  pi^antatlon  and  polyganas  to  flowering  tlma  varlad  from  ona  croaa 
to  anothar*  His  work  was  Intarpratad  as  contradictory  avldanca  to  Sax's 
mantionad  abova  by  Mathtr  (13)«  Howavar,  It  saatns  that  tha  arrangaraant 
of  posltlva  and  nagatlva  poTyganas  on  chrooiosomas  vary  from  ona  varlaty 
to  anothar  and  from  ona  cpaclas  to  anothar*  Tha  work  by  Currmca  (S) 
gava  rasulta  which  might  si;^port  tha  concapt  of  Unkaga  batwa«n  a  major 
gana  and  polyganas*  He  cxossad  a  toaato  strain*  Lvcopari^lcum  atculantum. 
honoxygous  for  DPOS  (d  »  <}4»«rf  plant  racasslva  to  D  tha  standard  plantt 
p  "  pubascont  racasslva  to  P  for  smooth  fruit i  o  '^  paar  shapa  fruit 
racasslva  to  0  ■  rourd  fruit  and  s  »  compound  inf lorascanca  Is  racasslva 
to  S  »  sloqpla  Inf  lorascanca)  with  ona  homozygous  for  lipot   locatad  on  tha 
first  chromosoma.  Tha  strains  had  dlffarant  datas  of  fruit  rlpanlng* 
Tha  par ants  and  Fj  showad  tha  following  dataai 

>l      D-P-O-S      X      ?2  d-p-o-a 

(27.4  ♦  0.77  days)    (46.4  t  0.62  days) 
DPOD  /  spos 
(25.6  1  0.47  days) 

Tha  progany  of  tha  F^  backcrossad  to  dpos  sagragatad  phanotypically  in 
tha  x»n99   from  DPO&  (24.4  ;l  0.2d  days)  to  dpos  (43.8  j,  0.40  days).  For 
>la,  DPos  was  aarliar  by  13.9  days  than  dpos  and  Dpos  by  9.1  days. 


From  tht  r««ults  h«  py*»*nt«d,  the  following  ralationehlp  appiMxtd  b«« 
tiiMn  the  location  of  the  four  gtnM  end  the  distribution  of  polygenet 
for  ripening  timet 


^«  d   p  O  8 

Lecetlon     q    3^3     13.0  33.0 

—  '   '        '  I 

No.  deyt  ^8~^^ 0  ^4-8 


The  effect*  of  different  regions 
of  chroaosoiM  Z  on  ripening  time. 


It  MS  found  that  the  first  chromosoae  h«d  an  effect  of  approxi- 
■ately  19  days  on  the  time  of  fruit  ripening.  By  repeated  baekeressing 
and  selecting  for  ddppoos*  a  strain  Mas  developed  that  gave  additional 
evidence  of  linkage.  In  this  case  the  linkage  relationship  was  be- 
tween a  major  gene,  or  genes  contributing  to  one  character  and  polygenee 
to  another.  Moreover,  the  major  genes  were  completely  dominant.  There- 
fore, linkage  could  be  rather  simply  tested  by  using  Fj  and  F3  or  back- 
•ross  progenies.  Mather  (13)  proposed  a  nethod  for  testing  linkage  in 
quantitative  Inheritance  studies  of  a  character.  However,  there  is 
no  appropriate  method  for  the  linkage  test  In  case  that  each  of  two 
characters  are  controlled  by  Incompletely  dominant  genes,  polygenes, 
or  both. 


VaxiabU  Expr«t$ion  of  DUeas*  RMletanc* 
of  a  Plant 


Th«rt  aza  so»«  plants  which  show  a  graat  variation  of  d«gr««  of 
infection  to  cauaativa  organiaiat*  Kahn  and  Libby  (10)  found  in  xict 
that  tha  uppax  laaf  auxfacas  waxa  twica  aa  suscaptibla  to  tha  blast 
fungus  Pxiculaxia  orvaaa  as  tha  lowax  suxfacas  and  that  as  tha  age  of 
tha  plant  incxaaaad  laavaa  or  portions  thaxaof  progxaaaivaly  dacxaasad 
in  suscaptlbility  to  infactlon*  A  similax  case  (19)  waa  also  raportad 
whara  whita  rust  xasistanca  in  xadish  was  axhibitad  diffarantly  on 
eotyladons  and  sacondaxy  laavas  and  agas.  In  such  casaa  it  it  sesM* 
tlaas  difficult  to  avaluata  tha  pracisa  xasistanca  of  a  plant* 

MATERIALS  AND  METHODS 

Tha  oxiglnal  objaotiva  of  this  study  waxa  to  dataxaina  tha  ganatic 
haait  of  xaaiatanca  in  muskraalont  Cucumis  malo  L. ,  to  Altarnaxia 
cucumarlna  (E.  &  E.)  J*  A.  Elliot  and  to  avaluata  tha  vaxiatal  potential 
of  aach  in  muskmalon  as  gaxm  plasm  souxcas  fox  a  bxaading  pxogxaa. 
Altaxnaxia  laaf  spot  and  powdaxy  raildaw  ara  tha  two  impoxtant  foliaga 
diseasas  of  muskmalon  in  this  axaa.  Tha  lattax  has  baan  contxollad  by 
tha  usa  of  xasistant  vaxiatias  fox  aany  yaaxs* 

Five  commaxcial  vaxiatias  waxa  usad.  Tha  ganatic  basis  fox 
xasistanca  to  altaxnaxia  laaf  spot  waa  unknown  in  any  of  tham.  In  this 
study  thay  waxa  classifiad  accoxding  to  tha  dagxaa  of  xasistanca  to  fiald 
inf action  as  followsi 


TabU  1.     The  v«rictl«s  ut«i  with  Um  designations  and  resistance. 


Variety 


Heart  of  Gold 

PMR  6 

Golden  Gate  45 
PttR  45 
Crenshaw 


Llna  designation 


Resistance 


highly  resistant 
highly  susceptible 
intCMMNllate 
intensedlate 

reaietant 


P    mit   found  to  be  the  i»o&t  resistant  variety  to  alternarla  and  was 
selected  as  the  cootmon  resistant  parent  In  the  study  and  was  crossed 
with  the  other  four  varieties.  Develop«ent  of  populations  of  these 
genetic  lines  began  In  the  horticultural  greenhouse  In  the  spring  of 
1963  and  was  conflated  at  the  Aahland  horticultural  farw  in  the  sinmer 
of  the  sane  year*  The  four  different  crosses  and  the  genetic  lines 
involved  in  each  cross  are  listed  in  Table  2* 

Table  2.  Four  crosses  and  the  genetic  lines  Involved  in  each  croas. 


Cross 


Genetic  lines 


P,   JCPj 


Pjt  Pj.  Fj.  Fj,  BCj  and  BC, 
Pjt  P3.  Pi  and  Fj 
Pp  P^»  P|   •nd  Fj 
Pj.  Pj.  Fj  end  F^ 
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T«  teMtf  tliM*  !ln«»«  ft  plant!  of  Mch  paxtntal  variety  «w«  first 
plantad  In  th«  gxaonhousa  to  produce  tht  Fj  sotd>     Tsn  Fj  plantt  to- 
gethar  with  tha  aama  numbar  of  aach  par ant  vara  grown  in  tha  f iald  to 
4«v«lop  all  ganotie  linaa  of  tha  four  erotaoa  for  tha  following  yaar. 
Two  to  5  aalont  (about  300  saada)  por  Hm  wara  obtained  by  salfing  or 
croacing  and  bulkad  within  aach  Una*     Plants  of  tha  parent  varieties 
for  inbreeding  at  well  as  for  genetic  experiments  were  grown  from  the 
original  seed  stocks* 

It  was  assumed  that  by  evaluation  of  the  genetic  variance*  neans 
and  types  of  gene  action  of  the  lines  that  an  estimation  could  be  made 
of  the  nuiBber  of  genes  Involved  in  resistance  and  the  nature  of  in* 
heritance  could  be  determined* 

Length  of  the  base  marginal  leaf  vein  from  the  point  of  the  petiole 
junction  to  the  first  branch  vein  (Plate  I)  appeared  to  be  related  to 
and  was  studied  to  determine  if  the  genes  for  resistance  were  closely 
linked  with  those  for  a  vein  length.     If  so«  one  would  be  able  to  dis- 
tinguish resistant  from  susc^tible  plants  phenotypieally  with  «04r« 
accuracy  and  selection  could  be  made  at  an  early  stage  of  development* 
The  vein  length  genes  se«Bed  to  be  closely  linked  with  the  resistant 
genes  when  the  parent  varieties  were  observed* 

Seed  of  all  lines  from  each  of  the  four  crosses  were  planted  in 
the  field  with  a  spacing  of  3  feet  within  the  row«  6  feet  between  rows 
end  6  klHs  per  row*     In  order  to  detect  and  evaluate  all  recombinants 
in  the  segregating  populations*  all  lines  were  assigned  to  rows  to  per- 
mit a  calculation  of  theoretical  gene  frequ«icies*     Consequentlyt  the 
total  numbers  of  individuals  were  as  fellowsi   24  plants  for  each  parent 


EXPLANATION  OF  PLATE  I 

Lmvm  showing  differsnt  length  of  th*  b«»« 
awrginal  vtln  from  th«  point  of  p«tlol«  Junction 
to  th«  first  branch  v«in» 

(Top)  Th*  longest  v«ln,  HMrt  of  Gold 

(Bottom  l0ft)  Th«  int«rMdi«tt  v*in,  PUR  45 

(aottoat  right)  Th«  shortest  v«in,  PMR  6 
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PLATE   I 


IS 


•nd  P.,  96  plants  t«eh  fox   BCj  and  BC^  and  ^3  plants  for  aach  of  th« 
F2  linaa.  Numbora  «ar«  xaducad  slightly  by  fiald  aica  which  damagad 
•oaa  germinating  aaads*  Plants  «art  thlnnad  to  ona  plant  par  hill  at 
4  laaf  staga.  Slnca  2  to  6  saads  wara  plantad  par  hill,  thinning  ms 
practicad  to  laava  tha  plant  on  tha  awst  aastarn  and  southarn  sldas  so 
that  any  zygotic  •limination  could  not  occur.  All  gonatie  linos  froa 
•ach  cross  mne  randomlzad  within  aaeh  of  4  rapllcatlons*  Tha  crossM 
fros  P.  X  Pr  originally  had  tha  sama  numbar  of  rapllcatlons  as  all  othars 
but  waxa  raducad  to  only  ona  raplieatlon  by  powdary  mildaw  slnca  both 
parants  wara  suscaptibla* 

All  axperlmantal  plants  wara  axposad  to  natural  fiald  Infactlon 
by  tha  fungus  slnca  thay  wara  plantad  in  an  araa  which  had  baan  In 
Musknalont  for  savaral  yoars  that  wara  infactad  with  altarnaria* 

Coll  action  and  Racordlng  of  Data 

Tha  dagraa  of  raslstanca  of  an  Individual  to  tha  pathogan  was 
Mtasiurad  by  tha  number  of  dlsaasa  Isslons  prasant  on  laavas  and  wara 
elassifiad  Into  four  dlffarant  groups  based  on  lesion  size*  Readings 
ware  taken  on  the  right  half  of  three  sanpla  laavas  per  plant*  Tha 
Infection  rating  of  an  Individual  was  made  by  averaging  the  total  nuni«* 
ber  of  disease  lesions  of  the  three  leaves  sampled*  However*  use  of 
the  lesion  size  was  discontinued  later  because  It  was  found  that  there 
was  a  high  positive  correlation  between  the  number  and  size  of  the 
lesions* 

Seven  different  sampling  methods  were  evaluated  in  an  effort  to 
find  a  reliable  one  for  measuring  the  genetics  of  resistance  to 
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•IttrnarU  1—t   spot.  A  fl«ld  row  of  P29   contlttlng  of  6  plants  was 
dividod  into  480  »ix-lnch  squsroe  (Plat*  XZ)  and  aightaan  laavas  mmx* 
•Mipl«d  (Tabla  3).  A  total  of  54  laavas  vi9f  aaaplad  in  aach  of  tha 
(Mthoda  from  tha  3  rapUcations.  Thus  aach  poolad  sai^sla  was  uaad  to 
coaq^ara  tha  savan  dlffarant  sagv>ling  mathods.  Tha  noda  sampling 
aathod  (Mathod  7)  ms  itlactad  as  a  standard  and  was  uaad  throughout 
tha  study* 

Maasuraaiant  of  vain  langth  was  mada  on  both  sidas  of  tha  thraa 
Maiplad  laavas  In  ordar  that  arror  saapllng  varUnca  would  not  intar- 
fara  with  aaasuramants  of  corralation  of  rosistanca  and  vain  langth. 
Tha  avarage  vain  langth  of  tha  thraa  sampla  laavas  was  usad  to  raprasant 
•n  individual  plant*  In  ordar  to  raduca  axparinantal  arror  dua  to  varia- 
tion of  aaaipling  tima»  all  individuals  (774  laavas)  within  a  block  wara 
samplad  on  tha  same  day  and  tha  four  blocks  of  a  cross  wara  obsarvad  on 
•ach  of  four  succassiva  days* 

Table  3.  Savan  different  leaf  aaopling  mathods. 


Mathod  Explanation 


1  Randoa  saapllng  of  the  entire  area. 

8  Random  sampling  from  tha  middle  I/2  of  the  ^•a  lengthwise. 

3  Random  sampling  from  tha  middle  l/3  of  the  •x%a  lengthwise. 

4  Random  sampling  from  tha  middle  I/6  of  the  araa  lengthwise. 

S*     Random  sampling  3  leaves  from  a  2  square  foot  area  in  tha 
center  of  a  plant. 

i*     Random  sampling  of  3  leaves  from  a  1  square  foot  area  In 
center  of  a  plant. 

t*  Sampling  3  leaves  from  the  7th,  8th  and  9th  nodes  of  the 

stain  vine  of  each  plant. 


♦  Six  planta  provide  the  same  total  nwnbar. 


EXPLANATION  OF  PLATE  IX 

(Top)    Th9  total  stifling  area* 
(Bolton)    Clos«-t^  of  sarapUng  axM* 


PLATE   II 
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Statistical  and  Ganttieal  AnalyaM 

Analyaes  of  varlanc*  war*  madt  for  all  axparlmantal  data  relating 
to  rtslatanca  and  vain  langth  from  1963  and  1964  ttaaona*  Co«^}ariaona 
of  dlffaranca  batwaan  two  maan  valuas  wars  nada  by  tha  t-taat  (14,  17). 
LavaU  uaad  for  aignlflcanca  mvta   I  and  5  par  cant  for  both  F*  and  t-valua«. 

Linaar  ragracalon  coaf flclants  for  tha  two  charactara  anong  tha  par- 
ental variatias  atudiad  In  1963  wara  datarminad  by  tha  standard  sathod 
(17).  In  ordar  to  Mka  a  valid  datMrmlnation  of  tha  dograa  of  linkaga 
in  tha  ^2  ganaration,  a  spacLal  t-taat  for  comparing  ragraaaion  co- 
afficiants  of  tha  parants  poolad  with  thosa  of  tha  Fj  waa  davalopad  by 
tha  following  aquation  (I4)t 


t  .  (b,  -  bj)/.^^  -  ^^ 


ss  ■« 


bj   bj    E 


=•  »2 


r   (X,i  -X  ) 


?  (Xo.  -X  / 


J"l 


2j 


ands2«  f.l  (Yh-^1i)^*^-»  ^^2J  "  ^ai> 


"1  ^  '*2  "  * 


whara  b^  ia  a  ragraaaion  coafficiant  of  tha  poolad  parantal  population* 
b2  is  that  of  tha  F2  population,  and  n^  and  n2  ara  tha  population  aixa* 
raspactivaly.  Tha  t-valua  has  nj  -^  nj  -  4  dagraas  of  fraadom.  This 
mathod  nay  ba  usad  for  tasting  tha  dagrat  of  linkaga  in  tha  F2  ganara- 
tion  on  tha  conditions  that  tha  gana  action  involved  In  two  characters 
is  additiva  with  incon^lete  dominance*  If  the  conditions  *f   accaptad, 
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th«  dsgr««  of  Unkcga  in  th«  F2  g«n»ration  will  b«  d«t«rfflin«d  by  finding 
•  rtgion  of  rejection,  <X    »  Mh*r*  tht  calculated  t-valu«  msets  th« 
cloaaat  t-valu«  in  th«  table* 

CoT7«lation  coafficiant  analyses  for  resistanct  and  vain  length  were 
made  from  data  of  each  parental  variety  in  1963  and  from  the  pooled 
parental  variety  and  F2  populations  from  each  croaa  in  1964* 

A  sis^le  linear  regression  equation  was  derived  from  the  mean 
resistance  and  vein  length  values  of  the  parents* 

To  afford  valid  con^arisons  aiaong  the  seven  differ«it  leaf  sampling 
methodSt  the  coefficient  of  variation  was  calculated  as  followit 

CV  ■  •  /  K . 
In  percentage  form  this  becomes 

100  CV  «  100(a  /  7)  P9T   cent  (14). 

where  a  It  •  etendard  error  and  x  the  mean  value  for  the  population* 

The  additiveness  for  genie  effect*  was  first  tested  by  the  original 
mean  measurements  from  all  lines  of  a  eroaa.  If  the  effects  of  a  number 
of  such  genes  are  additive  en  the  average  the  mean  measuremente  from  the 
lines  will  be  approximately  the  same  as  the  expected  mean  measurements 
as  follows  (13)i  in  the  absence  of  certain  extreme  forms  of  inter- 
actions, M  ■  l/2(Pi  +  Pj),  BCj  «  l/2(Pj  ^  Fj),  BCj  «  iM?^  ♦  Fj )  and 
¥2  ■  l/4(Pi  +  Pj  "*■   2Fj).  Where  W  is  raid-parent,  aCj  and  BCj  are  the 
first  backcross  generations  from  crosses  of  the  Fj  to  parents,  or  of 
aCj  from  Fj  x  Pj,  or  reciprocally  and  BCj  from  F.  x  P^  or  reciprocally. 

When  original  mean  measurements  of  a  character  for  lines  of  crosses 
were  not  neer  the  expected,  data  were  transformed  to  other  scales  in 
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order  to  mMsurt  the  additiv*  g«nie  •fl*cts.  For  •xanpl*,  Y*  ■ 

log  JO  Y  ojr  Y*  ■  (y  +  logjo  y)/2,  wh«r«  Y  «••  th«  original  mtasuraaant 

and  Y*  tha  naw  maaauranant  by  transforiMtlon  of  tcallng* 

Aftar  vain  langth  maaeuramants  of  Unas  from  two  eroaaaa  wara  trant- 
formad  to  tha  full  or  half  logarithmic  scalas  astloation  of  harltablllty 
of  raslatanca  and  vain  langth  was  mada  by  tha  following  formula  da* 
valopad  by  Luah  (I2)t 


d?  ■  <^2  +  di  Hanca,  h^  «  .-- ^ 

2     2 

o  2 

h"^  is  tha  astlmatad  harltabllityi  (^g  tha  envirorvaantal  variancat 

2  2 

(^Q  tha  ganle  variancat  and  t^p  tha  phanotypic  varianea* 

An  astimation  of  tha  numbar  of  ganas  involvad  in  aaeh  eharaeti 

and  croaa  was  aada  by  tha  following  formulas 


Di 


^2    ^2 
8((rF2-dFj) 

ti^9T9  r  danotas  tha  astlmatad  numbar  of  ganas  involvad  and  D  is  tha 
diffaranca  batwaan  tha  ttno  parant  raaant  from  tha  cross* 

■XPniMBfTAL  REtilLTS 
Sampling  for  Raslstanca 

Data  in  Tabla  4  show  that  th«ra  is  a  parallal  batwaan  sisa  of  tha 
sasnpling  araa  and  tha  coaff iciant  of  variation  whara  tha  noda  sanpllng 
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iMthod  (Method  7)  nias  Mployed.     A  good  CV  porconttgt  rango  for  any 
biological  oxporlmont  U  10-20  ^9x  cant.    Mathods  5  and  6t  whara  1  and 
2  aquara  faat  *»•  saa^Iadt  raspactlvalyt  appaai  to  bo  paraiseiblo* 

Tabla  4.    Coafficlantt  of  variation  for  comparing  san^ling  mathoda. 


Stapling  laathod 

Standard  error 

Moan  value 

cv(x) 

29.5 

114 

25.9 

26.1 

lit 

22.1 

24.2 

119 

21.0 

29.9 

137 

21.8 

26.4 

132 

S0,0 

30.4 

161 

18.9 

28.7 

166 

17,3 

Dlfferenoea  Among  Parents  and  the  F^s 

Pour  Fja  were  (uxn^ared  with  the  parent  varieties  for  degree  of 
resistance  to  alter naria  in  1963. 

Analysis  of  variance  of  the  number  of  the  disease  leaions  is 
shown  in  Table  5.     Significant  differences  at  the  1  per  cent  level  Mere 
found  for  both  genetic  lines  and  replicationa.    Table  5  inoludea  the 
variations  of  seen  values  and  the  atandard  errors  for  resistance  and 
sMrginal  vein  length  of  all  lines. 

In  Table  6t  means  of  the  number  of  diseaae  lesions  show  P^  and  P^ 
to  be  the  aost  resiatantt  P4  and  P3  interaiediate*  and  P2  highly  sus- 
ceptible.   Means  of  all  four  F^s  are  distributed  between  the  respective 
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TabU  9*     AnalytU  of 
among  fiv« 

varlanea  of  tht  number  of  tha  dlsassa  lattons 
varletlw  and  tha  Fj»  In  J963. 

SOUTCt 

d.f.                          S*  ^* 

M.  S. 

LiMt 

•                             99651 

7496** 

Blocks 

3                               2330 

777^M» 

Inrev 

24                              3309 

IH 

Total 

39                            4i7*0 

• 

•*IndlcatOT 

slgnlflcanca  at  tha  1  par  cant  laval. 

TabU  6«    MMn  valu«s  and  standard  «rrots  for  th«  m»b«r  of  th» 

disMs*  Ualons  and  vain  langth  for  parants  and  Fj  progany. 

Lints 

No.  of 

dlsaasa  laslons 
^  1* 

Vain 

langth 

Xis 

^ 

U.6  i  17.9 

27.6  i  9.2 

H 

196.0  I  46.4 

llf9  I  1.6 

h  ^h  «  ^> 

96.9  +  38.0 

18.0  +  2.9 

**3 

47.9  i  30.8 

16«1  j.  1*8 

Fj    (Pj    X    Pg) 

38.8  I  26.6 

22.1  I  2.3 

% 

46.3  +  29.7 

12.6  ;t  1*6 

'l  t*'!  -  «'4> 

39.8  I  23.0 

18.4  +2.3 

% 

13.8  I  10.1 

27.2  i  3.3 

Fj  (Pi  X  Pj) 

16.8  I  14.0 

33.6  ■*  3.6 

•  1964  data. 

> 

X  Is  m«an  valuai 

and  s  Is  standard  trror. 
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parents  In  •very  c«8«  and  standard  arrors  for  all  linaa  ar«  largt*     By 
comparing  diffarancas  In  numbor  of  dUatsa  laalens  batwaan  paranta*  ba« 
twaan  fanala  partnt  and  F|(  and  batwaan  F.   and  nala  parant  in  aach  cross 
isy  tha  t*taat  all  diffarancas  batwaan  P.  and  P^*  P3»  P^  and  P^^  ara 
highly  significant  axeapt  for  Pj^  and  P^*    OlffarancM  b«t«(««n  P|  and 
tha  thraa  F^s  ara  nonsignificant*    Howavart  thara  was  a  significant 
diff aranca  at  tha  5  par  cant  leval  batwaan  Pj  and  tha  Fj  of  P.  x  P  • 
Dlffarancos  botwaon  all  F^s  ara  similar  to  tha  iimadiata  abov«  Mcapt 
that  tha  changa  in  signiflcanca  is  from  b  to  tha  1  pn  cant  laval  in 
tht  aama  cross  (Tabla  7)*     In  oth«r  i«iords«  tha  tast  indicatos  that  all 
F|S  say  ba  localisad  approxifl«taly  around  tha  arithmatic  maans*  though 
tha  magnitudas  toward  aithar  faraale  or  nala  parant  ara  diffarant  from 
ona  cross  to  another*     It  is  also  shown  in  Tabla  6  that  th«  laavas  of 
P.  and  Pa  hava  longar  vaina  than  thosa  of  tha  othar  thraa  varlatias* 
Tha  thrao  F^s  of  ?i  x  P^t  P^  x  P^,  and  P|  x  P^  art  similarly  distributad 
about  tha  arithsatic  naans  batwaan  tha  paronts,  with  axcaption  of  tha 
Fj  (Pi  X  Pj),  which  doas  not  fall  midway  batwaen  tha  parants  apparantly 
dua  to  some  degree  of  dominance*     The  standard  errors  for  vain  lengths 
•*•  MMllar  than  thosa  for  the  nuaber  of  disease  lesions. 

Tha  llneer  relation  was  calculated  from  the  mean  values  of  5  parant 
varieties  by  a  regression  equation  using  the  number  of  disease  lesions 
and  vein  length  measurements  (Table  6)« 

The  degree  and  direction  of  correlation  were  determined  by  the 
following  equationi 

Y  »-0*076aX  ■*■  22.21 
where  Y  la  the  estimated  vein  length  and  X  the  number  of  disease  lesions* 
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Th«  llntar  corrtUtlon  and  the  rtgrwilon  lln«  ar«  «ho«fn  In  Flfl*  1.     A 
corralatlon  coafficlent,  r  «  -0.6462,  was  calculatad  from  the  data.    Tha 
abova  data  auggaat  a  n«gatlvt  ralatlonahlp  bttwaan  tha  two  charactaart 
In  tha  flva  partntal  varlatlaa. 

Tha  IfAarltanct  of  RaaUtanct  to 
Altar nar la  Laaf  Spot 

^1  *  ^2  ^*'"*      This  cro»«  waa  coapet«i  of  planting*  of  Pj,  p2» 
p.,  Fji  BC|  and  BCj.     It  can  ba  aaan  In  Tabla  8  from  tha  analysia  of 
warlanca  of  tha  data  that  dlffarances  du«  t«  lln«i  ara  algnlf leant  at 
tha  ona  par  eont  laval  and  that  thoaa  among  block*  n*  significant  at 
tha  f>  par  cant  laval*    Fraquancy  distribution  of  tha  nurabar  of  dlsaasa 
laslons  l*  shewn  In  Fig.  2.    Tha  Fj  aaan  la  eloaar  to  Pj  than  to  Pj 
which  i(sx—%  with  data  In  Tabla  6,  wharaas,  tha  Fj  aaan  Is  naax  tha 
•rlthmatlc  raaan  (87.9)  batwaan  tha  parant*.     It  a»y  ba  conclttdad  from 
tha  data  that  hatarosla  la  prasant  In  tht  Fj  and  Is  dacraasad  In  tht 
F2«    Tha  BCj  »aan  davlatad  slightly  from  the  axpactad  arlthmatlc  raaan. 
Rasults  Indlcata  that  tha  hatarotlc  of fact  Is  awlnly  causad  by  Pj.    Tha 
Fj  varlanca  1*  approxlmataly  that  of  tha  axpactad  arlthmatlc  raaan  ba- 
twaan tha  parants  whlla  tha  F2  varlanca  Is  high.    Tha  F2  population 
coverad  tha  antUa  t^vv^*  of  tha  parants.  Indicating  a  sogragatlon  of 
ganas  which  control  tha  nunb«r  of  dlsaasa  laslons.    Tha  BCj  and  BCj 
varlancas  ara  consldarably  high  but  raslstanca  Is  ganatlcally  con- 
trol lad  In  Pj  and  Pj* 

Tha  astloatad  numbar  of  tha  Incoa^lataly  dominant  ganM  (r)  In- 
volvad  In  this  cross  Is  l.%4  or  for  practical  purposa*  a.    Tha  p« 
cant  harltablllty  In  this  cross  Is  62.5. 
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Fig.  1.  Correlation  diagram  of  the  number  of 

disease  lesions  and  vein  length  of  the 
five  parental  varieties. 
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m^r 


P,,  X  =  19.5 
^  s2=  228 
n  =  24 


P  ,  X  =  156.3 
^  s2  =  1203 
n  =   20 


r^ 
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F  ,  X  =  58.3 
s2  =  714 
n  =  12 
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BC. ,  X  =  50.3 
^   s2  =  645 
n  =  90 
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BC  ,  X  =  122.6 
^  s2  =  1885 
n  =   89 
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Fig.  2.  Frequency  of  distribution  of  the  numbers  of  disease  lesions 
on  leaves  of  six  lines  in  the  Pj^  x  P-  cross. 
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Tabl«  8.  An«lytlt  of  v«rl«rwt  of  tht  numbar  of  tbo  dUotso  losion* 
•a»ng  tho  six  lino*  of  Pj  x  Pj  cro»«  In  1964. 


8S=SS=S=S= 

Sourco 

d.f« 

S.  S. 

S4.  S* 

Linos 

S 

51437 

io7sr*» 

aioek* 

9 

1638 

546« 

Ekox 

t» 

2380 

159 

Total 

» 

55455 

•*IndU«tt»  tho  tlgnlflcanco  at  1  par  cant  laval- 
*Indleata«  tha  algnlfUanca  it  5  par  cant  laval. 


Pj  X  Pg  Croaa.  ^ha  llnaa  of  thU  croaa  ara  Pj,  Pg,  Fj  sod  Fj. 
Analysis  of  varianca  of  tha  data  shows  both  dlffarancas  dua  to  llnaa 
and  blocks  as  balng  significant  at  tha  I  par  cant  laval,  but  with  tha 
fonMV  showing  a  hlghar  slgnlflcanca.  F«aquancy  distribution  of  tha 
nuadMV  of  dlsaasa  laslons  la  sho«fn  In  Flgt  3*  A  alallar  tandancy  of 
IncosNplata  doralnanca  In  tha  F^  can  ba  obsarvad  h«ra,  too.  H«»av«r, 
tho  F.  moan  Is  much  cloaar  to  F3  than  to  ?y    Domlnanca  Is  toward  tha 
largar  numbar  of  tha  dlsaasa  laslons f  moraovart  tha  magnltudas  batwaan 
tha  P|  and  tha  Fj  or  batwaan  tha  Fj  and  P3  ara  dlffarant  from  tha  formar 
cross  dua  to  tha  shortanad  ganatlc  ranga*  Tha  F2  moan  Is  llkawiaa  con- 
tiguous to  tha  axpaetad  axlthmatlc  »aan.  Tha  Pj  varianca  was  Incraasad 
from  that  In  tha  foraar  cross  dua  to  tha  lag  of  tlisa  of  saapllng.  How- 
avar*  tha  varianca  «^lch  norfflally  Is  about  tha  maan  batwaan  tha  par ants 
In  quantltatlva  Inharltanea  sttMllas  is  saallar  than  that  of  alth«r  of 

tha  parants.  Slaiilarly»  tha  F2  varianca  did  not  fully  ovarlap  tha  whola 
ranga  of  tha  paranta* 
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P, ,  X  =  52.6 
^  s2=713 
n  =  21 


P,,  X  =  119.7 
^  s2  =  1395 
n  =   22 


F,  ,  X  =  104.5 
^   s2=  571 
n  =   10 


40 


80 


120 


Fj,  X  =   99.5 
s"^  =  1047 
n  =  136 


, 


160 


200 


Fig.  3.  Frequency  of  distribution  of  the  number  of  disease 
lesions  on  leaves  of  the  four  lines  in  the  P.  x  P_ 
cross. 
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Th«  dlff«r«nct  In  numbw  of  g«n«  pairs  b»t«i««n  th«  p«)r«ntal  v«ri«tlM 
Is  tstiiMt«d  Mt  r  »  1.182.  It  can  be  ragardad  as  a  dlfftranca  of  ona 
pair  of  tha  gtnas  govarnlng  raslstanca  batwaan  tha  parants.  Tha  pa»  cant 
harltablllty  is  14.7. 

Tabla  9.  Analysis  of  varlanca  of  tha  numbar  of  tha  disaasa  laaions 
among  tha  four  Unas  of  Pj  x  P3  cross  In  1964. 


Sourea 

d.f. 

s.  s. 

M.  S. 

UnM 

986S 

3288»» 

Blocks 

207ft 

692<H» 

Error 

730 

•1 

T«t«l 

19 

12668 

•• 

**  Indicates  tha  significance  at  1  per  cant  level. 


r>j  X  P^  Croaa.  This  cross  consisted  of  Pj,  P^,  F^  and  f^  genera- 
tions of  the  parents.  Analysis  of  variance  of  the  data  is  presented  in 
Table  10.  It  is  apparent  fro*  the  data  that  the  parental  influence  on 
•xpresalon  of  resistance  is  significant  at  the  1  per  cent  level  whereas 
the  influence  of  blocks  is  nonsignificant.  Frequency  of  distribution  of 
the  numbar  of  disease  lesions  is  shown  in  Fig.  4.  The  Fj  mean  of  thia 
noat  alao  shows  a  partial  dominance  influence  from  P4.  This  tendency 
was  detected  In  a  previous  experiment  In  1963.  The  F2  mean  Is  closer 
to  the  expected  arithmetic  mean  than  to  that  of  the  Fj  although  s«ae 
dominance  Is  atlll  evident  In  the  population.  The  F^  variance  is  smaller 
than  for  the  parents.  The  Fj  varlanca  Is  high  and  individuals  In  the 
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X     =     45.0 
s^  =  877 
n     =     22 


-T" 


'I'lfflT'MllfflWIT 


\' 


X  =  113.8 
s2=  1243 
n  =   24 


F. ,X  =  96.7 

1   s2=436 


n 


=   8 


^2' 


40 


80 


120 


X  =   92.3 
s2=  1054 
n  =  258 


1 


160 


200 


Fig.  4.  Frequency  of  distribution  of  the  numbers  of  disease 
lesions  on  leaves  of  plants  of  the  four  lines  in 
P,  X  P.  cross. 
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population  cov«r  tho  ontlxe  rangt  of  tht  parontt  irtJich  incfleatM  a 
aagragatlon  of  ganas  govarnlng  jra&lstanca* 

Tha  oatlmatad  diffaranca  In  numbar  of  gana  pairs  from  this  orota 
la  r  »  0.971*  or  ona  pair  of  ganes.    Tha  par  cant  harltablllty  in  thla 
areas  «»aa  aatiraatad  at  19*2« 

Pj  X  P    Cross.     Unas  of  this  cross  consistad  of  P^,  Pj,  Fj  and 
F2*     Fraquancy  of  distribution  of  tha  numbar  of  disaasa  lasions  is 
prasantad  in  Fig.  S.    Tha  order  of  «aan«  of  tha  Pj  and  P^  is  invartad 
from  that  in  tha  1963  axparlmont  (Tabla  5)»  but  tha  diff aranea  is  also 
nonsignificant  in  this  axpariment.    Tha  Fj  saaan  Is  aqual  to  that  of  tha 
Pj*    Tha  Fj  varianca  is  smallar  than  that  of  aithar  of  tha  par ants. 
Ganarally*  all  linas  in  this  cross  ara  eloaaly  localixad  with  nearly 
tha  sama  aaans  and  variances*    Tha  estimated  number  of  gene  pairs*  r* 
is  0.264.     Its  nearest  Intagn  is  0.    The  estioatad  per  cent  ha^ritability 
la  15.4. 


Tabla  10.     Analysis  of  variance  of  the  number  of  tha  disease  lasions 
•aong  tha  four  linas  of  P^  x  P^  in  1964. 


Source 


d.f. 


S.  S. 


M.  S. 


Lines 
Blocks 
Error 
Total 


3 
3 

15 


12362 
2283 
1963 

166C8 


4121* 
761 

as 


**  Indicates  significance  at  1  par  cent  level. 
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n  - 


48.3 
538 
11 


r- — ^ 1 


P  ,  X  =  74.6 
^  s^  =  759 


n 


=  10 


J -,_ 


1' 


F,,  X  =  64.8 
s'^  =  302 
n  =   5 


40 


■*• 


80 


F   X  =  64.8 
s^  =  630 
n  =  57 


120 


160 


200 


Fig.  5.  Frequency  of  distribution  of  the  number  of  disease 
lesions  of  the  four  lines  in  P.  x  P  cross. 
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Xr^wrltarte*  of  Vtln  Length 

l^Multt  of  th«  analysts  of  varianco  of  data  art  shoim  In  Tablas  Ut 
12  and  13.     It  is  elMr  from  data  In  tha  tables  that  tha  Unos  »f 
highly  significant  at  1  par  cant  lavtl  in  all  crosses  an«lys«d»  whila 
blocks  are  all  nonsignificant.     Moan  valuta  and  standard  errors  for  the 
Unas  of  four  crossas  wert  first  calculated  from  tht  original  data. 
Howtver»  it  was  found  that  the  expected  seans  of  F^,  Fj*  BC^  and  BC^ 
of  two  crosses,  P^  x  P^  and  P.  x  P^  all  fell  naar  the  expected  geoffletrie 
rath«r  than  arithmetic  neans.     In  other  words,  the  gene  action  involved 
in  vein  length  of  plants  from  the  two  crosses  is  geometric  or  multlpli* 
cative.    The  original  data  from  plants  of  the  cross  P^  x  P2  «««re  trans- 
formed to  a  conraon  logarithmic  scale  and  that  of  the  cross  P.  x  P.  wvre 
transformed  to  the  scale,  Y  »  (Y  ^  logjo  Y)/2f  «^«rMS  the  data  from 
the  other  two  crosses,  P^  x  P^  and  P^  x  P.  were  not  transformed  because 
of  the  presence  of  additive  gene  effects  (Table  14).    The  P|  mtin  It 
always  larger  than  those  of  the  four  male  parents.    The  F^  and  F2  means 
of  all  crosses  fall  closely  to  the  expected  means  except  for  that  of  the 

F2  of  the  cross  P^  x  P^*    ^1  *<^  ^2  °****'^*  ®'  ^*  ^1  '^  '^2  ^®**  *** 
also  located  close  to  the  expected  means.    The  F2  variances  indicate  a 
••ffregation  of  genes  contributing  to  vein  length.    The  BC^  and  BC^ 
variances  of  the  Pj^  x  P2  cross  are  similarly  larger  than  the  F.e« 

The  number  of  gene  pairs  involved  in  the  four  crosses  were  estimated 
and  the  results  are  shown  in  Table  15.    The  larger  the  ntatber  of  gene 
pairs,  the  higher  the  haritability  value,  except  that  the  nmtber  of 
eatiaated  major  gene  pairs  is  zero,  that  is,  in  the  case  of  polygenes. 
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Tablt  11. 

Analysis 
the  six 

of  variance  of  aarfflnal  vein  l«n9tb 

lines  of  P|  x  ?»  cross  In  1964. 

SMMIf 

Source 

d.f*          S.  S. 

M.  S. 

Lines 

»           530 

106«» 

Blocks 

a                 » 

8.3 

Error 

la                43 

2.9 

Total 

29          9M 

• 

*♦  Indicates  s 

Ignlflcance  at  I  pax   cant  laval* 

Table  12. 

Analysis 
the  four 

of  variance  of  marginal  vein  length 

lln#s  of  Pj  X  P^  cross  in  1964. 

among 

Source 

d.f.          S.  S. 

M.  5. 

Lines 

a          426 

142*» 

Blocks 

a        8 

0.«67 

Error 

9                 la 

1.333 

Total 

1»          440 

«• 

**  Indicates  a 

Ignlflcance  at  1  per  cent  level. 

Table  13. 

Analysis 
the  four 

of  variance  of  marginal  vein  length 
lines  of  P^  X  P^  cross  in  1964. 

among 

Source 

d*f«           S«  &• 

r^.  £.. 

Lln«i 

a          337 

112.3«» 

Blocks 

a                 M 

3.33 

Error 

9          19 

2.11 

Total 

IS          372 

•*  Indicates  s 

Ignlflcance  at  1  per  cent  level. 
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Llnkags  R«l«tlon»hlp  B«tw««n  R«slstanc« 
•nd  th«  V«in  Length 

Th«  difttrlbutlen  of  Individuals  of  each  Pp  P^  and  F^  ffoa  tha 
P.  X  P  cross  Is  shown  In  Fig.  6*  It  can  b«  obsarvad  that  tha  P^ 
Individuals  ara  dUtxlbutad  In  a  standing  oval  Mlth  a  maan  numbar  of 
diaMsa  lasions  of  19*5,  and  vain  langth  26.9  on.  Th*  P2  Indlvlrfualt 
«ya  dlstrlbutad  In  a  flat  plana  with  maans  of  156.3  ami  12.3  «■,  ra- 
apactlvaly.  Tha  F|  Individuals  ara  dlstrlbutad  batwaan  tha  parantal 
avMs  in  an  intirnadlata  shapad  araa  with  naana  of  58.3  and  18.2  mm, 
raapaetlvalyt  Indicating  aoma  domlnanca  toward  raslstanca  and  shortar 
vain  langth.  In  Fig.  7  tha  distribution  of  Fj  progany  from  tha  cross 
is  prasantad.  It  can  ba  obsarvad  that  tha  F2  population  dlspUyai  • 
somawhat  nagativa  ralationship  batwaan  tha  two  characters  in  tha  parantal 
populations  (Fig*  6).  The  population  axpandad  In  distriiMition  araa  to- 
ward gxaatar  raslstanca  and  shorter  vain  langth  and  at  tha  saaa  tlM 
axtandad  toward  graatar  suscaptlblllty  and  longar  valns  Indicating  a 
racooblnatlon  of  genas  which  offset  the  thR>  characters.  The  BCj  progeny 
ere  distributed  In  tha  summed  area  of  the  Pj  and  F|  and  the  BC2  progeny 
in  that  of  the  F^  and  P^  (^^9*  3). 

Froa  the  two  eroaaee,  P|  x  P3  and  P^  >  ^4*  ^^*   ^"  Flga.  9  and  11 
show  that  the  distribution  of  Pj^t  ^2  and  F^  individuals  ara  similar  to 
those  in  the  P«  x  Pn  cross.  Howaver,  the  genetic  ranges  for  resistance  are 
Mieh  reduced  and  the  progenies  of  both  F^s  tf  slightly  shifted  by  dominance 
toward  susceptibility  and  longer  veins.  The  difference  of  progeny  distribu- 
tion between  P^  x  P3  and  P^  x  P^  crosses  is  that  vein  length  of  plants  from 
the  former  cross  is  shorter  than  that  of  the  latter.  Subsequently »  shape 
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of  th«  dUttibution  «r«a  of  th«  F2  progeny  is  r«8trlct«d  by  th«  gtnttle 
ran9«s  of  plants  mAilch  hav9  dlffarent  nunbors  of  incof^^lttaly  dominant 
9«nts.     Ho«av«r»  in  tha  two  recombination  ayaas  tha  Fj  individuals  ara  mora 
widaly  distributad  than  thost  of  tho  Pj  x  P2  eroaa  (Figa.  10  and  11). 

Tha  distributions  of  P,,  P^  and  F,   individuals  from  tha  Pj  x  P^ 
«reaa  axo  shown  in  Fig.  13.     Individuals  from  tha  linoa  aro  distributad 
in  a  similar  fashion  to  thosa  in  tha  thraa  pravious  crossos*    Tho  F. 
shows  a  slight  dominanca  for  rosistanca  and  longar  voins  but  about  two 
thirds  of  tho  araas  aro  ovarlappod  showing  lass  difforonca  in  tha  mag* 
nituda  for  tha  two  eharactars.    Distribution  of  tha  F2  progany  from  this 
cross  is  naarly  tha  SMO  as  for  thosa  of  tha  aarly  gonerations,  but  tha 
also  of  tho  F2  aroa  is  sonawhat  ineroasod  (Fig*  14). 

Tha  corralation  figuras  prasontad  abova  axplain  tha  rolatlonship 
batwoon  tha  two  eharactars  to  sona  axtant,  but  to  ava luato  tha  phonomana 
atatistically»  corrolatlon  analyses  wora  mada  fro«  tho  1964  data,  too. 

Results  of  correlation  coefficient  analyses  of  the  four  crosses 
aro  shown  in  Table  16. 


Table  16.    Correlation  coefficients  of  tho  pooled  parents  and  tho 
F2  progeny. 


Cross  r  for  parents*  r  for  F3* 

Pj  X  Pj  -0.81T7  •.0.3260 

Pi  «  P3  -0.7364  -0.1844 

Pi  *  P4  -O.W^  -0.1775 

Pi  «  Pj  0.0433  0.:»49 


r  s  correlation  coefficient. 
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It  can  be  s««n  from  data  In  T«bl«  16  that  th«  d«grt«  of  corrolatlon 
of  tho  F2S  ffom  tht  first  throt  crosses  «••  roducod  to  loss  than  half 
of  those  of  their  parents*  whereas  the  results  of  the  cross  P.  x  P^ 
•rere  reversed.  Among  all  crosses*  P.  x  P^  revealed  the  strongest 
correlation  In  the  parentals  as  well  as  In  the  F2  populations.  Degree 
of  reduction  of  the  relationship  in  the  first  three  crosses  is  the  most 
veaartcable  in  the  P^  x  P3  cross*  the  next  in  the  Pj  x  P^  cross*  and  the 
amallest  in  the  P^  x  P2  cross*  In  the  Pj^  x  P.  cross  the  parental  correla* 
tlon  coefficient  is  nearly  equal  to  teve  en  the  positive  side*  but  the 
F2S  increased.  It  seemed  that  the  increased  degree  of  relationship  in 
the  F2  from  the  P^  x  P.  cross  might  be  due  to  the  small  sample  size* 

Table  17  shows  results  of  the  special  t-test  for  detection  of 
linkage* 

Table  17.  Regression  coefficients  for  the  parents  ami  F2S  pooled* 

b  for       b  for 

Cross     parents*      Fj*        t-value 

Pj  X  Pj  -0.0934  -0.0330  t3j2  "  '♦.6938  t,Qoi»  00  **  3*2905 

Pj  K  P3  -0*1247  -0.0234  ti^^  «  4.5102  t,o01»  00   *  3*290» 

Pj  X  P^  -0.1033  -0.0262  tg^Q  «  4.0312  t,ooi»oo   «  3.2905 

Pj  X  Pj  0.0633  0.0534  t^^     «  0.2240  t^g2»60       *  0*2284 

*  b  *  regression  coefficient* 

It  is  apparent  from  data  in  the  table  that  t-values  of  the  first  three 
crosses  u*  greater  than  the  table  values  at  0(  »  0.001.     In  other  words* 
the  probability  that  the  correlation  between  resistance  and  vein  length 
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in  the  pool«d  ptYtnt  d«ta  and  that  b«tM>a»n  thasa  txalta  in  tha  F2  data 
ar«  samplas  from  tha  sama  population  paaramotai  is  la&a  than  ona  in  a 
thousand.  Tharaforti  thara  is  no  llnkaga  of  tht  ganas  fox  tha  characters. 
On  tha  contrary,  in  tha  cross  Pj  x  P^  tha  calculated  t-valua  was  found  to 
ba  .82  or  82  par  cant  of  tha  total  number  of  genes  differentiating  the 
parantal  varieties  for  the  two  characters  are  linked*  Since  no  major 
genes  were  previously  estimated  for  either  resistance  or  vein  length  in 
this  cross  all  genes  oHist  be  polygenes* 

DXSCUS&ION 

Data  sinimaries  from  six  experiments  reveal  a  nicab«:  of  consistent 
significant  host  reactions  and  characters  which  will  si^jport  definite 
genetic  conclusions*  Other  results  iut9   less  reliable  but  permit  specu- 
lation on  the  genetic  ir^eritance  of  altcrnarla  leaf  spot  resistance* 
In  addition,  other  genetic  data  reveal  interactions  and  correlations 
between  marginal  vein  length,  sampling  techniques  and  resistance* 

All  F|  and  Fj  ■>*«>)*  ***  approxiaiately  intenaediata  between  the 
parents  in  both  resistance  and  marginal  vein  length.  Howev«r,  gene 
action  is  different  for  resistance  which  is  governed  by  arithmetic  ov 
additive  gene  effects  than  for  vein  length  which  is  governed  by  geometric 
or  multiplicative  gene  effects.  All  the  F2,  BC^  and  QC2  means  for  re* 
aistance  are  close  to  the  expected  arithmetic  meana.  Thus  it  appeara 
that  resistance  la  controlled  by  incompletely  dominant  genes*  This 
agrees  with  findings  of  Gough  and  ffilliama  (7)  in  their  studies  of  the 
durum  wheat  varieties  Acme  and  Mlndum  where  resistance  to  stem  rust  was 
conditioned  by  at  least  three  incompletely  dominant  genea* 
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M«rginal  v*ln  l«ngth  moans  of  th«  F^,  F^  and  BC.  and  BC.  art  closwr 
to  tha  geomatric  than  axlthmatic  maans  although  lltnaas  la  within  tha 
•rror  variancts*     By  full  or  half  transformation  of  scaling  ta  a  coBmon 
logarithm  of  tha  two  erossas  P^  x  P^  and  P.  x  P.  gava  satisfactory  maant 
Iron  tha  sagragatlng  populations  axcapt  for  tha  F2  m—n  from  tha  P^  x  P« 
eross*    Causa  for  this  variation  could  ba  dua  to  saapllng  arrort  garaatlc 
or  zygotic  alliBination,  or  coupling*     In  othar  nnords*  a  survay  of  vain 
langth  data  Indicatas  gana  substitution  is  all  gaoraatrlcal  rathar  than 
•tltlMiatic.    Tharafora,  tha  gaiiM  contributing  to  vain  langth  would  also 
ba  classif lad  as  incomplataly  dominant*    Tha  astimatad  ntxabar  of  major 
flana  pairs  causing  diffarancas  in  rasiatanca  vary  from  xaro  to  two 
mong  progany  of  tha  erossas*    Similar  rasults  hava  baan  raportad  fot 
othar  crops* 

It  was  raportad  that  raslstanca  to  flax  ruat  was  conditlonad  by  a 
thraa  dominant  gana  sarias  (6)  and  raslstanca  to  «^aat  stam  ruat  in 
durum  whaat  was  r^>ortad  to  ba  by  at  laast  thraa  dominant  ganas  and  at 
laaat  thraa  Incoa^lataly  dominant  ganas,  and  in  radish  a  singla  dominant 
gana* 

Data  from  this  study  indicata  that  thara  may  ba  a  dlract  corralatlon 
batwaan  tha  ganatlc  ranga  and  tha  numbar  of  ganas  Involvad.     In  ona  of 
tha  crossas»  P^  x  P  ,  tha  astimatad  numbar  of  gana  pair  dlffarancas  ms 
0*264  and  tha  ganatlc  x*ng9  in  nunbar  of  lasions  was  26*3.     Thara  appears 
to  ba  no  major  gana  dlffarancas  batwaan  tha  parants*     It  may  ba  aaauMd 
that  allalas  control  dlffarancas  In  raslstanca  and  that  probably  llnkad 
polyganas  contributa  to  tha  small  ganatlc  ranga  of  26*3*    Othar  avldanca 
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of  th«  •xitttne*  of  polygonot  is  that  all  parantal  varlttias  ttudiad 
po88«s«  •  wlda  variation  In  numbar  of  ditaasa  lasiona.  Parantal  varia- 
tions ••»•  net  IncXudad  In  tha  formula  for  aatimatlon  of  tha  nwnbar  of 
tha  major  ganta.  This  alont  makta  it  difficult  to  glva  a  dafinita 
ganatlc  axplanatlon  of  raaiatanca  (2D).  Gana  analyala  of  raaulta 
from  this  study  of  rasittanea  agrtaa  Mith  tha  assunptlon  givan  by 
Tomlyama  (18)  that  thera  ara  two  dlffarant  ganatlc  typas  of  rtsistanca. 
Ona  «hara  najor  ganac  contributad  to  a  highar  laval  of  raslstanca  and 
tha  othar  «^«ra  polyganas  giva  unttabla  low  lavals  of  rasistanca*  Tha 
raalstanca  of  radish  to  whlta  rust  was  govarned  by  a  singla  dominant 
§m»9  and  minor  ganas  which  modify  it  (19).  Rasults  from  tha  study  of 
altarnaria  rasistanca  indieata  that  a  pair  of  ganas  control  an  avaaraga 
of  68  lasiona.  Howavar*  crosses  wcnra  not  msda  batwaan  ?2*   ^3*  ^^4  '"^ 
P. I  hanca  tha  gana  analogs  ara  unknown* 

Tktt  Mtimatad  numbars  of  g«na  pairs  «»hieh  control  marginal  vain 
langth  diffarad  batwaan  crossas  and  raquirad  diffarant  scalas  (Tabla  14). 
Full  and  half  transformation  to  a  common  logarithm  from  cross aa  P^  x  P^ 
and  P.  and  P,  fit  mora  elosaly  to  tha  axpactad  onas.  Progany  maans  from 
tha  othar  two  crossas  P,  x  P.  and  P,  x  P.  ara  closa  to  tha  arithmatlc 

*  4  15 

means  due  to  none  or  one  major  gana  pair  diffaranca.    There  is  an  In- 
teresting relation  among  the  crosses  In  that  apparently  i^en  the  number 
of  gene  pairs  increases,  the  dosage  par  gene  pair  decreases.    Howevor, 
dou  fr^  this  study  are  inadequate  to  provide  definite  proof  of  this 
conclusion.    Marginal  vein  length  appeara  to  be  partially  under  the  con- 
trol of  polygenes*  but  genetical  evidence  is  inadequate  for  proof  of  the 
oba«rvation« 
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Linkago  b«tw*«n  th«  gtnts  contributing  to  r«8lstanc«  and  voln  langth 
«••  atudlad*  Th«  study  of  llnkag*  botMOon  gonoa  contributing  to  quan- 
titatlvt  and  qualltatlva  charactarc  is  important  fron  tha  standpoint  of 
plant  breading*  This  concept  has  actually  baan  astablishad  by  ^•x   (l6)t 
Kaaausson  (15)  and  Curranee  (5)*  Thay  reported  instances  where  cpiall* 
tatlve  characters  were  governed  by  completely  dominant  genesi  therefore 
the  F2  and  F3,  or  testcross  generations  were  needed  to  detaarmine  gene 
linkage*  Mather  (13)  proposed  a  awithod  for  testing  linkage  In  quanti* 
tative  irdteritance  of  a  character  by  using  F2  and  F^  or  BC.  and  BC2 
9en«rations«  However*  a  completely  satisfactory  method  for  linkage 
tMtlng  in  quantitative  inheritance  of  two  characters  has  net  been  de* 
veloped*  ^n  attaapt  to  teat  linkage  by  using  the  parwits  and  F2  genwr- 
atlons  was  made  in  thia  study*  Difference  bttiMtn  parental  and  F^ 
regression  coefficients  was  compared  by  a  special  t-test  and  the 
probability  of  a  rejection  region  in  the  t-test  was  calculated  as 
linkage  percentage  in  the  F2  generation*  Results  show  that  there  it 
no  linkage  of  genes  contributing  the  resistance  and  marginal  vein 
length  in  the  three  crosses  but  there  was  82  per  cent  linkage  in  the 
eress  of  P|  k  P^  (Table  17).  It  may  be  interpreted  that  the  major 
genes  which  contribute  to  resistance  and  vein  length  are  located  on 
different  chromosomas  and  may  segregate  arni  recombine*  whereas  twM  of 
the  polygenes  involved  for  both  eharaeters  are  closely  linked  on  « 
chromosome  and  In  the  coupling  phase*  In  this  case  the  method  for 
testing  gene  linkage  was  used  under  the  assumption  that  the  two  char* 
aeters  might  be  controlled  by  incoaq^letely  dominant  genes  and  polygenes* 

Heritability  of  resistance  tends  to  increase  with  the  number  of 
major  gene  pairs*  However,  polygenic  effects  in  the  crosses  remain 
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approximattly  th«  sam*.    Thli  eauata  tha  harltablllty  to  dacraaaa  whan 
a  croaa  has  ona  gana  pair  dlffaranca.    On  tha  contrary,  tha  harltablllty 
of  vain  lanqth  Is  dlffarant  from  raalatanea.    Harltablllty  la  apparantly 
Invaraaly  proportional  to  tha  number  of  major  gana  pairs  which  control 
vain  langth.    This  may  ba  dua  to  tha  fact  that  tha  dosaga  par  gana  pair 
daeraaaaa  aa  tha  numbar  of  gana  pairs  Incraaaa* 

Raalatanea  to  tha  dlsaasa  causal  organism  of  altarnarla  laaf  spot 
In  muskmalon  plants  varlas  graatly  with  laaf  aga.     As  laaf  ago  Ineraasas. 
raslstanca  dacraaaaa.     In  ganaral,  tha  situation  Is  tha  ravavat  In  oth«r 
crops.    Thara  ara  axas^las  r^ortad  by  Kahn  and  Llbby  (10)  In  rlea  and  by 
■llllaaM  and  Pound  (19)  In  radish.     In  such  caaaa  It  Is  difficult  to 
astlmata  oxact  gana  af facts.     It  has  baan  raportad  that  In  muskmalon 
this  aama  to  ba  ona  of  tha  factors  (20)  that  has  dalayad  ganatlc  studlss 
•f  rMlstanca  to  altarnarla  laaf  spot. 

Sampling  of  laavos  from  spaelfle  nodas  on  tha  vlna  throughout  thla 
atudy  gava  tha  sraallast  coafflclant  of  variation  among  tha  savan  dlffarant 
RMthods.     It  Is  ballavad  that  tht  aaapllng  mathod  mlnlmlzad  arror  varlanca 
giving  tha  graatast  ganatlc  varlanca. 

SUMMARY  AND  CONCLUSION 

Thla  study  was  conducted  to  datarmlna  tha  Inheritance  of  resistance 
^  Altwqayla  fucynarlf^a  (E.  &  E.)  J.  A.  Elliot*  marginal  laaf  vein  langth 
In  muskmalon  CufiJOiA  Mlo.  L«t  the  linkage  relationship  between  genes  con- 
trolling resistance  and  vein  length. 
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Th«  study  «a«  eonduct«d  at  tht  Ashland  horticultural  farm  at  Kansas 
Stat*  Univtrsity  during  1963-1964. 

Froa  ths  rasults  of  th«  axpttlratnts  it  is  concludad  that  tha  widast 
rang*  ot   raslstanca  in  progany  from  tha  crossas  Is  control lad  by  tuo 
•llalie  pairs  of  Incomplataly  dominant  ganas  and  pol^anas*  Tha  ra- 
sistanes  largaly  incraases  with  tha  number  of   tha  major  gan«s  whosa 
tffacts  ara  arithnatic  or  additiva*  Tha  axistanca  of  polyganas  was  in- 
dlractly  datactad  in  this  study.  Tha  analog  of  tha  major  ganas  inveXvad 
in  tha  crossas  is  still  unknown.  Tha  haritabllity  of  raslstanca  varlas 
with  tha  numbar  of  tha  major  gana  pairs  and  it  is  low  whan  raslstanca 
is  eentrollad  by  polyganas  only. 

It  was  found  that  tha  longost  marginal  vain  langth  on  laavas  of 
plants  in  tha  crossas  is  controllad  by  thra«  allalic  pairs  of  in- 
••■plataly  dominant  ganas  and  polyganas.  Tha  dosaga  of  a  pair  of  uj«r 
ganas  contributing  to  vain  langth  is  Invarsaly  corralatad  to  tha  numbar 
of  gana  pairs.  Tha  gana  affacts  daclinad  to  gaomatric  rather  than 
•rlthmatlc  affacts  within  tha  arror  variances.  Tha  axistanca  of  polyganas 
was  also  indirectly  detected  and  tha  analog  of  tha  major  genes  is  still 
unknown.  Haritabllity  decreases  as  the  nimber  of  major  genes  increaset 
and  has  a  low  per  cent  of  polygon  control* 

It  la  concluded  that  there  is  no  linkage  relationship  between  the 
major  genes  controlling  resistance  and  those  controlling  the  vein  length 
while  there  is  a  atrong  linkage  of  some  of  the  polygenes  which  modify  each 
of  the  two  characters.  Tht^efore.  it  Is  clear  that  vein  length  is  not  a 
visible  and  d^endable  marker  for  resistance. 
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There  is  a  great  variation  in  the  degree  of  infection  by  the  fungu* 
within  an  individual  muskmelon  plant.  An  experiment  was  conducted  to 
develop  a  suitable  sampling  method  fox  the  genetic  study.  Results  in- 
dicate that  sampling  specific  nodes  on  the  vine  was  the  best  of  the  seven 
methods  and  was  used  throughout  the  study. 
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MuskMlon*  CucumU  a»Io  L.,  Is  th«  hott  Mhlch  is  mott  ••rleutly 
Injured  by  th«  fungus  Alfrnaria  cucufigifta  (E.  I  E.)  J.  A.  Elliot. 
ThU  dlsMtt  cautM  damg*  by  dafolUtlng  th»  vints  and  tharaby 
causing  pramatura  rlpaning  which  reduces  yiald  and  fruit  quality. 
Control  with  fungicida  sprays  may  ba  impracticabla  bacausa  of  tha 
arapid  groMing  natura  of  tha  vlna  which  raquiraa  fraquant  sprayings* 

Tha  inh«ritanca  of  rasistanca  to  alternarla  laaf  spot  In  miak- 
malon  has  not  baan  praviously  studiad  in  datall.     Thara  ara  a  mabar 
of  raports  indicating  that  tha  axact  numbar  of  ganas  involvad  was  im* 
known  or  undatarisinad.    Tha  braading  bahavior  of  rasistanca  Is  par- 
tially known  but  raports  ara  inconsistant. 

In  1963*1964  six  axpariraants  involving  tha  crossing  of  fiva 
ae—arcial  variatias  of  muskmolon  wara  dasignad  to  dataaroiina  tha 
nuEBbaor  of  ganas  involvad  in  tha  rasistanca  to  tha  fungus,  tha  typa 
of  gana  action,  haritability,  tha  linkaga  of  ganas  contributing  to 
rasistanca  and  othar  visibla  characters  such  as  marginal  vain  length 
and  to  develop  a  suitable  sasipling  method. 

From  reaults  of  tha  inheritance  expar Intents  it  was  found  that 
the  widest  genetic  range  from  the  crossaa  was  governed  by  two  allelic 
IMirs  of  incompletely  dominant  genes  and  polygenes.     Resistance  largely 
increasea  ^ith  the  nui^er  of  the  major  genes  whose  effects  are  arithmetic 
or  additive.     Heritability  varies  with  the  nuaber  of  major  gene  pairs  and 
it  ia  low  when  resistance  is  controlled  by  only  polygenes. 

From  th«  inheritance  experiments  it  was  found  that  the  widest 
genetic  range  of  vein  length  in  the  progeny  was  controlled  by  three 


•ll«Uc  p«iTS  of  ineomplately  dominant  gen*s  and  polygons.    Tha  doaaga 
•f  •  aiajor  gant  pair  contributing  to  vain  langth  waa  invarsaly  concUttd 
Nith  tha  numbar  of  gane  pairs*    Gtna  af facts  daclinad  to  gaomatrlc  af« 
facts.    Harltabllity  dacrtaaad  aa  tho  numbar  of  major  ganM  Ineraaaad 
and  la  low  undar  tha  control  of  tha  polyganM* 

Thara  was  no  llnkaga  bttwaen  major  ganos  which  control  rtalatanca 
and  thosa  which  control  vein  length.    Howavar,  th«ra  was  strong  linkage 
«f  polygenes  which  modify  each  of  the  charactMrs.    Therefore*  it  it 
clear  that  vein  length  is  not  a  dependable  phenotypic  character  for 
screening  plants  for  resistance* 

A  suitable  saapling  method  was  developed  to  reduce  variability 
due  to  the  degree  of  infection  of  individual  planta.     It  was  the  node 
eaapllng  aethod  where  leaves  from  specific  nodes  were  saaqpled* 

A  further  study  is  needed  to  detwnine  the  analog  of  major  genes 
contributing  to  resistance  found  in  this  study. 


